Objective-To investigate the short-term effects of atrial, atrioventricular, and ventricular pacing on myocardial oxygen consumption, myocardial blood flow, and cardiac efficiency in patients with coronary artery disease. Design-Prospective study that started at the end of diagnostic coronary angiography in 13 patients and was performed during atrial, atrioventricular, and ventricular pacing for 5 min, in random order, at 20 beats/min more than the heart rate of the patient's positive exercise test. A Baim thermodilution catheter in the coronary sinus was used to measure myocardial blood flow and oxygen consumption and a pacing electrode at the right ventricular apex and a catheter in the pulmonary artery were used to estimate cardiac output. Setting-Referral cardiology centre. Patients-13 patients with coronary artery disease (mean (SD) age 53(5) years). All 
during atrioventricular pacing. Changes in myocardial oxygen consumption and cardiac efficiency during the different pacing modes were similar. Conclusion-Atrial, atrioventricular, and ventricular pacing had similar shortterm effects on myocardial oxygen consumption, myocardial blood flow, and cardiac efficiency in patients with coronary artery disease. Ventricular pacing, however, did not increase cardiac output.
(Br Heart J' 1994;71:536-540) Whereas there have been many studies of the haemodynamic effects of cardiac pacing, little is known about its effect on coronary circulation and myocardial ischaemia. Studies of myocardial oxygen consumption during atrial and ventricular stimulation gave conflicting results.56 The effects of atrial pacing have not been systematically compared with those of atrioventricular sequential and right ventricular pacing. We studied the short-term effects of those pacing modes on myocardial ischaemia, myocardial oxygen consumption, and cardiac efficiency in patients with coronary artery disease.
Patients and methods

PATIENTS
We studied 13 men (mean (SD) age 53 (5) , range (range 43-62 years) with typical exertional chronic stable angina (8 class 3 of the Canadian Cardiovascular Society and 5 class 2) and a positive treadmill exercise stress test (> 1 mm horizontal or downsloping ST segment depression 80 ms after the J point). All had angiographically significant stenosis (> 70% reduction in luminal diameter) of at least one of the three major epicardial coronary arteries (table 1). All medication, except sublingual nitrates, was stopped 72 hours before the study. Informed consent was obtained and the study was approved by the hospital ethics committee. Exclusion criteria were old or acute myocardial infarction, unstable angina, systemic hypertension, bundle branch block, any acute illness, and left main coronary artery disease.
METHODS
All the patients had routine diagnostic cardiac catheterisation (Seldinger) at the time of the study. They were fasted and no premedication was given.
After the end of the cardiac catheterisation a 7 French Baim coronary sinus thermodilution catheter (Electro-Catheter, Rahway, New Jersey) was 1  49  3-VD  3  145  5  210  120  208  2  55  LAD,Cx  3  155  3  190  125  190   3  47  3-VD  2  135  5  190  120  180  4  62  LAD  3  125  3  190  145  170  5  53  LAD,Cx  2  130  5  210  120  172  6  51  LAD,RCA  3  145  5  200  120  200  7  60  3-VD  3  110  3  200  100  165  8  57  RCA,Cx  3  120  5  160  110  160  9  58  3-VD  2  135  5  250  100  210  10  55  LAD  2  145  3  140  110  140  11  55  LAD,Cx  2  135  3  180  175  150  12  49  RCA,Cx  3  155  5  200  115  160  13 All but five of the patients were paced for 5 minutes. These five patients were paced for 3 min because of severe pain; they were also paced for 3 min for the second and third pacing tests. The heart rate increased to the same extent (at 57 beats/min more than the resting heart rate) during the three pacing tests. Atrioventricular delay increased significantly (P < 0005) from rest to atrial pacing (table 1) .
In five patients chest pain did not develop; in seven it developed during atrial pacing, in seven it developed during atrioventricular pacing, and in eight it developed during ventricular pacing. After each pacing test angina and electrocardiographic changes disappeared in less than a minute in all the patients studied, so the 5 minute interval between pacing tests was adequate.
Systolic pulmonary pressure increased by 3(6) (8) 35 (12) 31 (7) CO (1/min) 7 0 (2-2) 6-0 (1 9)* 6-6 (1-2) 6 6(1 4) DPP (mm Hg) 19 (7) 22 (8) A-V, atrioventricular pacing; CS, coronary sinus; CO, cardiac output; DBP, diastolic blood pressure; DPP, diastolic pulmonary pressure; HR, heart rate; MBF, myocardial blood flow; MVo,, mycardial oxygen consumption; SBP, systolic blood pressure; SPP, systolic pulmonary pressure. * P = 0-01 v atrial pacing, P = 0-03 v atrioventricular pacing. tP = 002 v atrial pacing.
monary pressure increased by 6(4) mm Hg during atrial pacing, by 8 6(4) mm Hg during ventricular pacing (P = 0-02 v atrial pacing), and by 7-5 (4 7) mm Hg during atrioventricular pacing. Myocardial oxygen consumption increased by 121(96) ml/min during atrial, by 83 (66) ml/min during ventricular, and by 88(41) ml/min during atrioventricular pacing. Coronary sinus oxygen saturation decreased by 3(6)%, by 6(7)%, and by 4(7)% respectively. Myocardium blood flow increased by 83(78) ml/min, by 49 (46)ml/min, and by 56(39) ml/min respectively. Cardiac efficiency decreased by (1-2)%, by 1-5(0-9)%, and by 1-1(09)% respectively. None of the differences in these changes between the different pacing modes was significant. Cardiac efficiency tended to be lower during ventricular pacing (Friedman analysis, t = 4 7, P = 0 09).
Discussion
There is concern that some of the newer pacing modes may worsen angina in patients with coronary artery disease because they increase heart rate and myocardial oxygen demand. In patients with coronary artery disease it is crucial to know the effects of the different pacing modes on myocardial oxygen consumption and cardiac efficiency. The patients were supine during the pacing tests and heart rate, systemic blood pressure, and double product (a good predictor of myocardial oxygen) consumption were similar during all three tests. In earlier studies there were shortterm and long-term improvements in haemodynamic performance when ventricular pacing was changed to atrioventricular pac- 
Coronary sinus oxygen saturation, coronary blood flow, and myocardial oxygen consumption were the same during the three pacing modes. Cardiac efficiency tended to be different during the three pacing modes; but this difference was not statistically significant. Cardiac efficiency tended to be lower during ventricular pacing, but this was the result of the lower cardiac output during ventricular pacing.
COMPARISON WITH PREVIOUS STUDIES
Kristensson et al studied 13 patients with ischaemic heart disease and permanent pacemakers. ' Nordlander et al studied eight patients with atrioventricular universal pacemakers.'7 They investigated haemodynamic function, myocardial oxygen consumption, and cardiac output at rest and during exercise during ventricular inhibited and atrioventricular modes of pacing. Systemic and pulmonary pressures and myocardial blood flow and myocardial oxygen consumption at rest and during exercise were similar with both pacing modes. Cardiac output, however, increased more during atrioventricular pacing than during ventricular inhibited pacing.
Our study and that of Nordlander et al are different. Nordlander et al studied patients during exercise, whereas we studied our patients only during pacing at rest. Nordlander et al's patients had permanent pacemakers and ours had coronary artery disease and were studied during temporary pacing. Also the heart rates in the Nordlander study were not the same as during our different pacing tests. None the less, our results and those of Nordlander et al showed that coronary blood flow and myocardial oxygen consumption were the same during the different pacing modes whereas the cardiac output was reduced during ventricular pacing. Cardiac efficiency was about the same during the different modes of pacing, with a tendency to be lower during ventricular pacing: this was attributed to the development of lower cardiac output during rapid ventricular pacing in patients with coronary artery disease.
Boerth et al studied normal dogs during atrial and right ventricular pacing and showed that myocardial oxygen consumption was the same during the two pacing modes whereas cardiac efficiency was lower during ventricular pacing.5 Baller et al studied normal dogs at the same heart rates during atrial, atrioventricular, and ventricular pacing and showed that myocardial blood flow was the same during all three pacing modes.'8 However, myocardial oxygen consumption was higher during ventricular than during atrial pacing whereas there was no difference between ventricular and atrioventricular pacing. Cardiac efficiency was lower during ventricular than atrial and atrioventricular pacing. Our data are not relevant to ambulatory patients with coronary artery disease. We did not study the long-term effects of the different pacing modes in our patients.
IMPLICATIONS OF THE STUDY
We conclude that atrial, atrioventricular, and ventricular pacing have similar short-term effects on myocardial oxygen consumption and cardiac efficiency in patients with coronary artery disease, though ventricular pacing has a smaller effect on cardiac output. This factor should be considered when a permanent pacemaker is to be implanted in patients with coronary artery disease. More studies are needed to elucidate the present results and to investigate the long-term effects of the different pacing modes on cardiac energetics.
A 26 year old woman was referred to the cardiology outpatient department with occasional atypical chest pain. Seven years earlier she had had a left atrial myxoma removed at another hospital and had been lost to follow up.
Transthoracic echocardiography (TTE) showed a mobile mass in the left atrium but the exact site of the tumour pedicle was undefined ( fig IA) . We then examined her by mul- tiplane transoesophageal echocardiography (TOE). In the monoplane mode (00) a globular tumour within the left atrium was visualised. When we adjusted the image plane to 330 the tumour and its pedicle, attached to the interatrial septum, were clearly delineated ( fig 1B) . Further rotation of the transducer scan plane to 130°showed several frond-like processes loosely attached to the main bulk of the tumour and prolapsing through the mitral valve. This detail of the tumour morphology was not readily appreciated on the TTE or TOE images in the monoplane mode and required specific angulations of the scan plane. The TOE findings prompted emergency cardiac surgery. At operation the multiplane images were confirmed and tumour was clearly seen arising from the upper edge of the previous scar, implying that local recurrence not seeding had occurred at the initial operation. She recovered uneventfully and was discharged to routine follow up.
The reported recurrence rate for sporadic We plan to hold the first of our proficiency level assessments during our Autumn meeting. These will include multiple choice questions and video tapes, etc., for those candidates wishing to apply for BSE proficiency level accreditation. In addition, candidates will have to complete a log book of completed cases. However, the log book does not have to be finished before the assessment is taken.
We have made some representations to the British Cardiac Society about the guidelines for specialist training in cardiology. We are pleased to see echocardiography given appropriate prominence in these recommendations. However, we would like to find some common ground on recommended numbers of cases and assessments.
No doubt, this will be an ongoing discussion.
As previously mentioned, preparation of the next edition of our supplement to the British Heart Journal is already well advanced. Various articles, which will all be peer reviewed, are being prepared in addition to the abstracts from our Autumn meeting.
Our new membership administrator has a new computer system and database which will allow us to deal with our membership records more efficiently and also to store information such as training accreditation.
We are also planning a joint meeting with BCIS on interventional ultrasound. This will cover topics such as valvuloplasty, intravascular ultrasound, Doppler flow wire, etc. More details of this meeting will follow.
Finally, we have moved our annual general meeting to coincide with our Autumn meeting. This avoids our taking up valuable time during the British Cardiac Society annual meeting". 
